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Proteins participate in most of biological and pathological processes in cells via 
catalyzing different kinds of reactions or via thousands of protein- protein interactions.  
Consequently, investigate and control over inappropriate proteases expression and 
protein-protein interactions are important for better understanding of biology systems 
and can potentially be the effective strategy for therapeutic intervention. Peptide 
modulators combine the advantages of protein and small-molecules, such as easy to 
synthesis and modify, binding to proteins with high specificity. On this basis, benefit 
from being structurally constrained, cyclopeptides, especially multicyclic peptides are 
further stable to enzymatic hydrolysis, rigid and with better binding affinity. As a 
result, they are promising protein inhibitors and ligands. Nature most frequently use 
disulfide bonds to stabilize the structure and function of proteins and peptides, these 
molecules also provide various motifs for peptide cycliazation. However, disulfide 
bonds can be reduced in cytoplasm and can be isomerized in the presence of other 
thios, thus limit their applications. To solve the problem, chemists developed many 
strategies of peptides cyclization, among which thioether bond produced via thios in 
the peptides is much easier to operate, mild and efficient. 
In this work, we aimed to develop some hyper-rigid and stable multicyclic 
peptide templates and bioactive peptides based on the thioether bond. We mainly get 
multicyclic peptides via the reaction of a small phenyl molecule 2,3,5,6-tetrafluoro 
terephthalonitrile (4F-2CN) and linear peptides contain some thios and N-terminal 
cysteine. This reaction is programmed and can gradually turn to the only tetra- 
substitution product. Furthermore, we rigidify the peptide structure by constraining 
one of the loops at the C-terminus with ‘PenXC’ motif. Using this strategy, we get 
stable bioactive cyclopeptides with high affinity to inhibite protein-protein 
interactions as well as high stability. Besides, in order to further modulate the 

















similar size as natural disulfide bonds to develop peptide templates.  
This thesis comprises four chapters listed below :  
Charpter1: The first chapter is a literature review.Initially, we introduced the 
mechanism of proteases and protein-protein interactions, explained the remarkable 
properties of cyclopeptides as proteases inhibitors and PPI regulators. Then we gave a 
detailed introduction on the three classes of strategies of peptides cyclization, as well 
as some cyclic peptide drugs on the market. On this basis, we introduced the research 
topic and significance. 
Charpter 2: We discovered that a small molecule 4F-2CN can react with different 
kinds of template peptides contain a N-terminal cysteine with some thios. We 
investigated in detail of the reaction properties among them, identified their reaction 
mechanisms, as well as the range of application. 
Charpter 3: On the basis of Charpter 2, we used 4F-2CN to systhesize a series of 
bioactive multicyclic peptides aimed to inhibite proteases (uPA) or some PPIs (p53- 
MDM2 & Keap1-Nrf2). As same as the template peptides, they all react with 4F-2CN 
and convert into the only final-product with definite structures. Most of all, in the case 
of bioactive tricyclic peptides binding to Keap1, we get the result with both hyper 
rigidity and high binding affinity. 
Charpter 4: We designed to use the reaction of Cys 的巯基 and -unsaturated 
amino acid dehydroalanine (Dha) to achieve multicyclic peptides in which the 
thioether bonds are as the most similar size as natural disulfide bonds.We synthsised 
the masked amino acid of Dha, Fmoc-Sec(Ph)-COOH, succeeded in coupling it into 
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合适的底物各位点（每个位点 Pn 表示，从断键处酰基侧开始向外依次为 P1/P2/ 








酶解时，首先 trypsin S1 口袋底部的 Asp189、Ser190 可以特异性识别并高亲
合力结合底物 P1 位点正电性的 Lys 或 Arg 残基，然后在 Gly216 共同作用下使底
物 P1-P4 位点以反平行 -sheet 结构插入对应的酶 S1-S4 口袋中，水解位点合适
地呈现于 Ser195 与 His57 间的催化位置。一旦插入，Ser195 亲核性增强，亲核
进攻底物中 P1 肽键的 C 原子，His57 和 Asp102 直接或间接地为肽键 N 原子提
供质子，使氮端游离脱去，形成以乙酰基连接的底物-酶复合物，Gly193 与 Ser195
通过酰胺 N 原子与乙酰基的 O 作用形成氧洞，帮助稳定氧离子中间体。复合物
进一步脱酰基后被 H2O 分子亲核进攻，最终将底物碳端释放[6]（Figure 1.1a）。 
uPA 活性结构与 trypsin 几乎完全一致，酶解机制也相同[7]。Chymotrypsin 与
之不同的是S1口袋底部为Ser189而非Asp189，尽管结构与 trypsin S1非常相近，
但特异性识别并结合 P1 位点为较大疏水残基的 Trp、Phe、Tyr、Leu 的底物[6]。 
生物体中都广泛存在一类重要的丝氨酸蛋白酶抑制剂[5]（serine proteinase 
inhibitors，serpin），对调控丝氨酸蛋白酶稳态起着关键作用，如 uPA 抑制剂 PAI-1、
chymotrypsin 抑制剂 -Achy 等都属于 serpin 家族成员。它们通过一个含有结合
活性位点（P1）的位于表面的 30-40 个残基的环状结构（reactive site loop，RSL）
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